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WARNING: Where the items are those which can be submitted to complete the entry of the international application into 

the national phase are subsequent to 30 months from the priority date the application is still considered to 
be in the international state and if mailing procedures are utilized to obtain a date the express mail 
procedure of 37 C.F.R. §1-10 must be used (since international application papers are not covered by an 
ordinary certificate of mailing - See 37 C.F.R. §1.8. 

NOTE: Documents and fees must be clearly identified as a submission to enter the national state under 35 USC 3 71 otherwise 
the submission will be considered as being made under 35 USC 111. 37 C.F.R. § 1.494(f). 



1. Applicant herewith submits to the United States Elected Office (EO/US) the following items 
under 35 U.S.C.371: 

a. [X] This express request to immediately begin national examination procedures (35 

U.S.C. 371(f)). 

b. [X] TheU.S.NationalFee(35U.S.C.371(c)(l))andotherfees(37C.F.R. § 1.492) 

as indicated below: 
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.Fees 



CLAIMS 
FEE 


(l)FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALCULA- 


[ ]* 


TOTAL 
CLAIMS 


8 -20 = 


0 


x $ 18.00 = 


$ 0 




INDEPENDENT 
CLAIMS 


3 -3 = 


0 


x $78.00 = 


0 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) + S260.00 




BASIC FEE** 


[ ] U.S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an International preliminary examination fee as set forth in § 
1.482 has been paid on the international application to the U.S. PTO: 
[ ] and the international preliminary examination report states that 
the criteria of novelty, inventive step (non-obviousness) and 
industrial activity, as defined in PCT Article 33(2) to (4) have 
been satisfied for all the claims presented in the application 

entering the national stage (37 CFR 1.492(a)(4)) $96.00 

r 1 and the above requirements are not met (37 CFR 1 .492(a)(1)) 

$670.00 

[X] U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
FrvAMTNFATTON AUTHORITY 

Where no international preliminary examination fee as set forth 
in § 1 .482 has been paid to the U.S. PTO, and payment of an 
international search fee as set forth in § 1.445(a)(2) to the U.S. 
PTO: 

[ ] has been paid (37 CFR 1 -492(a)(2)) $690.00 

[X] has not been paid (37 CFR 1 .492(a)(3)) $970.00 

[ ] where a search report on the international application has been 
prepared by the European Patent Office or the Japanese Patent 






Total of above Calculations 


970 


SMALL 
ENTITY 


Reduction by l A for filing by small entity, if applicable. Affidavit must be filed, 
(note 37 CFR 1.9, 1.27, 1.28) 




Subtotal 






Total National Fee 


$970.00 




Fee for recording the enclosed assignment document $40.00 (37 CFR 1.21(h)), 
(See Item 13 below). See attached "ASSIGNMENT COVER SHEET". 




TOTAL 


Total Fees enclosed 


$970.00 



*See attached Preliminary Amendment Reducing the Number of Claims. 
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i. [X] A check in the amount of $970.00 to cover the above fees is enclosed. 

ii. [ ] Please charge Account No. in the amount of $ . 

A duplicate copy of this sheet is enclosed. 

** WARNING: "To avoid abandonment of the application the applicant shall furnish to the United States Patent and 
Trademark Office not later than the expiration of 30 months from the priority date: * * * (2) the basic 
national fee (see § 1.492(a)). The 30~month time limit may not be extended. "37 C.F.R. § 1.495(b). 

WARNING: If the translation of the international application and/or the oath or declaration have not been 

submitted by the applicant within thirty (30) months from the priority date, such requirements may be 
met within a time period set by the Office. 37 C.F.R. § 1.495(b)(2). The payment of the surcharge set 
forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than thirty (30) 
months after the priority date. The payment of the processing fee set forth in § 1.492(f) is required for 
acceptance of an English translation later than thirty (30) months after the priority date. Failure to 
comply with these requirements will result in abandonment of the application. The provisions of § LI 36 
apply to the period which is set. Notice of Jan. 3, 1993, 1147 O.G. 29 to 40. 

3. [X] A copy of the International application as filed (35 U.S.C. 371(c)(2)): 

NOTE: Section 1.495 (b) was amended to require that the basic national fee and a copy of the international application 
must be filed with the Office by 30 months from the priority date to avoid abandonment "The International 
Bureau normally provides the copy of the international application to the Office in accordance with PCT Article 
20. At the same time, the International Bureau notifies applicant of the communication to the Office. In 
accordance with PCT Rule 47. 1, that notice shall be accepted by all designated offices as conclusive evidence that 
the communication has duly taken place. Thus, if the applicant desires to enter the national stage, the applicant 
normally need only check to be sure the notice from the International Bureau has been received and then pay the 
basic national fee by 30 months from the priority date. " Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See 
item 14c below. 

a. [ ] is transmitted herewith. 

b. [ ] is not required, as the application was filed with the United States Receiving 

Office. 

c. [X] has been transmitted 

i. [X] by the International Bureau. 

Date of mailing of the application (from form PCT/3B/308): SEPT. 16, 1999 

ii. [ ] by applicant on . 

Date 

4. [X] A translation of the International application into the English language (35 U.S.C. 

371(c)(2)): 

a. [X] is transmitted herewith. 

b. [ ] is not required as the application was filed in English. 

c. [ ] was previously transmitted by applicant on . 

Date 

d. [ ] will follow. 
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5. [X] Amendments to the claims of the International application under PCT Article 19 (35 
U.S.C. 371(c)(3)): 

NOTE: The Notice of January 7, 1993 points out that 37 C.F.R. § 1.495(a) was amended to clarify the existing and 

continuing practice that PCT Article 19 amendments must be submitted by 30 months from the priority date and 
this deadline may not be extended. The Notice further advises that: "The failure to do so will not result in loss of 
the subject matter of the PCT Article 19 amendments. Applicant may submit that subject matter in a preliminary 
amendment filed under section 1. 121, In many cases, filing an amendment under section L 121 is preferable since 
grammatical or idiomatic errors may be corrected. " 1147 O.G. 29-40, at 36. 



a. [ ] are transmitted herewith. 

b. [ ] have been transmitted 

i. [ ] by the International Bureau. 

Date of mailing of the amendment (from form PCT/IB/3 08): . 

ii. [ ] by applicant on . 

Date 

c. [X] have not been transmitted as 

i. [X] applicant chose not to make amendments under PCT Article 19. 
Date of mailing of Search Report (from form PCT/ISA/210): MAY 19 1999 . 

ii. [ ] the time limit for the submission of amendments has not yet expired. 

The amendments or a statement that amendments have not been 
made will be transmitted before the expiration of the time limit under 
PCT Rule 46. L 

6. [X] A translation of the amendments to the claims under PCT Article 19 (38 U.S.C. 

371(c)(3)): 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the amendments were made in the English language. 

c. [X] has not been transmitted for reasons indicated at point 5(c) above. 

7. [X] A copy of the international examination report (PCT/IPEA/409) 

[X] is transmitted herewith. 

[ ] is not required as the application was filed with the United States Receiving 
Office. 



[ ] Annex(es) to the international preliminary examination report 

a. [ ] is/are transmitted herewith, 

b. [ ] is/are not required as the application was filed with the United States 

Receiving Office. 

[ ] A translation of the annexes to the international preliminary examination report 

a. [ ] is transmitted herewith. 

b. [ ] is not required as the annexes are in the English language. 
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10. [X] An oath or declaration of the inventor (35 U.S.C. 371(c)(4)) complying with 35 

U.S.C. 115 

a. [ ] was previously submitted by applicant on . 

Date 

b. [X] is submitted herewith, and such oath or declaration 

i. [ ] is attached to the application. 

ii. [X] identifies the application and any amendments under PCT Article 19 

that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 37 
C.F.R. 1.70. 

c. [ ] will follow. 
Other document(s) or information included: 

11. [X] An International Search Report (PCT/IS A/2 1 0) or Declaration under PCT Article 

17(2)(a): 

a. [X] is transmitted herewith. 

b. [ ] has been transmitted by the International Bureau. 

Date of mailing (from form PCT/IB/308): . 

c. [ ] is not required, as the application was searched by the United States 

International Searching Authority. 

d. [ ] will be transmitted promptly upon request 

e. [ ] has been submitted by applicant on . 

Date 

12. [X] An Information Disclosure Statement under 37 C.F.R. 1 .97 and 1 .98: 

a. [X] is transmitted herewith. 

Also transmitted herewith is/are: 
[X] Form PTO-1449 (PTO/SB/08A and 08B). 
[X] Copies of citations listed. 

b. [ ] will be transmitted within THREE MONTHS of the date of submission of 

requirements under 35 U.S.C. 371(c). 

c. [ ] was previously submitted by applicant on . 

Date 

1 3 . [X] An assignment document is transmitted herewith for recording. 

A separate [X]"COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPANYING 
NEW PATENT APPLICATION" or [ ] FORM PTO 1595 is also attached. 
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14. [X] Additional documents: 

a. [X] Copy of request (PCT/RO/101) 

b. [X] International Publication No. WO 99/45843 

i. [X] Specification, claims and drawing 

ii. [ ] Front page only 

c. [X] Preliminary amendment (37 C.F.R. §1.121) 

d. [X] Other 

PCT/IB/306: PCT/IB/308: FORMAL DRAWINGS. 



15. [X] The above checked items are being transmitted 

a. [X] before 30 months from any claimed priority date. 

b. [ ] after 30 months. 

16. [ ] Certain requirements under 35 U.S.C. 371 were previously submitted by the 

applicant on 

, namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges if 

extra claims are authorized. 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent or future 
reply, requiring a petition for an extension of time under this paragraph for its timely submission, as 
incorporating a petition for extension of time for the appropriate length of time. An authorization to charge all 
required fees, fees under §1.17, or all required extension of time fees will be treated as a constructive petition for 
an extension of time in any concurrent or future reply requiring a petition for an extension of time under this 
paragraph for its timely submission. Submission of the fee set forth in § 1.17(a) will also be treated as a 
constructive petition for an extension of time in any concurrent reply requiring a petition for an extension of time 
under this paragraph for its timely submission. "37 C.F.R. § LI 36(a)(3). 

NOTE: "Amounts of twenty-five dollars or less will not be returned unless specifically requested within a reasonable 

time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may be returned by check 
or, if requested, by credit to a deposit account "37 C.F.R. § 1.26(a). 

[X] The Commissioner is hereby authorized to charge the following additional fees that 
may be required by this paper and during the entire pendency of this application to 
Account No. 12-0425 

[X] 37 C.F.R. 1 .492(a)(1), (2), (3), and (4) (filing fees) 

WARNING: Because failure to pay the national fee within 30 months without extension (37 C.F.R. § 1 .495(b)(2)) 

results in abandonment of the application, it would be best to always check the above box. 

[ ] 37 C.F.R. 1.492(b), (c) and (d) (presentation of extra claims) 
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NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation must 
only be paid or these claims cancelled by amendment prior to the expiration of the time period set for response by 
the PTO in any notice of fee deficiency (37 C.F.R. § 1.492(d)), it might be best not to authorize the PTO to charge 
additional claim fees, except possible when dealing with amendments after final action. 



[X] 37 C.F.R. 1.17 (application processing fees) 
[X] 37CF.R. 1.17(a)(lK5)(extensionfeespursuantto § 1.136(a). 
[X] 37 C.RR. 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. 1 .31 1(b)) 



NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing of a Notice 
of Allowance, the issue fee will be automatically charged to the deposit account at the time of mailing the notice 
of allowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.R. 1.28(b) requires "Notification of any change in loss of entitlement to small entity status must be filed in 
the application . . . prior to paying, or at the time of paying . . . issue fee. " From the wording of 37 CF.R. § 
1.28(b): (a) notification of change of status must be made even if the fee is paid as "other than a small entity" and 
(b) no notification is required if the change is to another small entity. 

[ ] 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration and/or 
filing an English translation of an International Application later than 30 
months after the priority date). 




Reg. No.: 25, 858 



Tel. No.: (212)708-1930 



Customer No.: 



SMNAWtfE OF PRACTITIONER 

WILLIAM R. EVANS 

(type or print name of practitioner) 

LAD AS & PARRY 

P.O. Address 

26 WEST 61 st STREET 

NEW YORK, NEW YORK 10023 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application: PAVEL IVANOVICH LAZAREV, et al 

For: ULTRA-SMALL ANGLE X-RAY TOMOGRAPHY 
Attorney Docket No.: U 012892-1 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

PRELIMINARY AMENDMENT 

Please amend the above application as follows: 
IN THE CLAIMS 

Claim 2, line 1, delete "in p.l" and replace therefor ~ according to claim 1— 
Claim 3, line 1, delete "in p.l" and replace therefor — according to claim 1~ 
Claim 6, line 1, delete "in one of the pp.1-5" and replace therefor — according 

to claim 1~ 



CERTIFICATE UNDER 37 1.10 

I hereby certify that this paper is being deposited with the United States Postal Service on this 
date AUGUST 9. 2000 in an envelope as "EXPRESS MAIL POST OFFICE TO ADDRESS- 
EE" Mailing Label Number EK154952838US addressed to the: Commissioner of Patents and 
Trademarks, Washington, D.C. 20231 

BARBARA D. SANTIAGO 

(Type or print name of person mailing paper) 

(Signature of person mailing paper) \j 
NOTE: Each paper or fee referred to as enclosed herein has the number of the "EXPRESS 
MAIL" mailing label place thereon prior to mailing 37 CFR 1.16(b). 



EXPRESS MAIL LABEL 
NO.: EK154952838US 



Claim 7, line 1, delete "in one of the pp. 1-5" and replace therefor — according 

to claim 1— 



Claim 8, line 1, delete "in one of the pp.1-5" and replace therefor ~ according 

to claim 1— 




WILLIAM R. EVANS 

LAD AS & PARRY 

26 WEST 61 st STREET 

NEW YORK, NEW YORK 10023 

REG.NO.25858(212)708-1930 
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Ultra-small angle x-ray tomography. 



The invention concerns the devices for computerized tomography based on the 
absorption and ultra-small angle scattering of x-ray radiation. 

The method of computerized tomography (CT) was elaborated in 1973 by the 
British firm CC EMF (Hounsfeld G.N., Computerized transverse axial scanning 
(tomography). Part L Description of system. - "Brit. J.Radiol " 7 1973, v.46, p. 1016- 1022; 
Ambrose J. Computerized transverse axial scanning (tomography). Part 2. Clinical 
application. - "BritJ.RadioL" 1973, v.46, p. 1023-1047). It combines physical principles 
of traditional x-ray transillumination with the recent achievements of mathematics and 
digital technique. The essence of the method of computerized tomography consists in the 
reconstruction of the internal spatial structure of the object as a result of joint 
mathematical processing of shade projections obtained during x-ray transillumination of 
the object in different directions. The contrast of each shade projection is the result of 
unequal x-ray absorption by different parts of the object. The principle of action of the 
tomograph laid on the method of computerized tomography consists in the following. 
Right-angled x-ray beam formed by a collimator passes through fixed object on 2 
detectors (sodium iodide crystals). The detector registers the amount of radiation passed 
through the object, and the system x-ray tube - detectors is displaced by one step parallel 
to itself A total of 160 displacements is made. Then the system returns to the initial 
position, turns at 1° angle, and a new scanning of 160 segments is made. A total of 180 
turns is performed. The time of the whole turn of the system, that is, the time for receiving 
the total information is about 5 minutes. With this 288,000 indices are obtained from each 
detector (160 x 180). The obtained information is processed with a computer. The 
reconstructed computerized image of a layer is transferred on the calculating-printing 
device, which gives digital records of absorption coefficients for the whole field of the 
body section. 

Further modernization of CT followed the way of increasing the number of 
detectors. Computerized tomographs of the III and IV generations contains from 512 to 
4800 detectors. With 512 - 1400 detectors and a big capacity computer the time of 
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scanning for one section (2-8 mm) decreased to 2 - 5 sec, which practically allowed to 
examine all the organs and tissues of the organism. 

Scanning system of the modern computerized tomograph includes an x-ray tube 
and a detector system. In the III generation apparatus the x-ray tube and the detectors are 
situated on the same frame. The detector system consists of 256 - 512 semiconductor 
elements or xenon detectors. During the scanning of a patient the system "x-ray tube - 
detectors" rotates around the patient making 360° turn during one cycle. During the 
rotation of the complex x-ray tube delivers impulse radiation in the form of a fan-shaped 
beam passing through the object after 1°, 0,5° and 0,25° ; with this the detector system 
registers the radiation weakened by the object. In cases of necessity the scanning system 
can be inclined forward and backward at 20° - 25°. 

In IV generation computerized tomographs the detector system consists of 1400 - 
4800 detectors situated circumferentially at a frame. During the scanning process only x- 
ray tube rotates around the patients. The tomograph table consists of a base and a mobile 
part with a fixed transporting bed for the patient. Horizontal shift of the patient during the 
scanning process is performed automatically. 

The x-ray system of the tomograph consists of a tube and a generator. The tube 
works in the impulse regimen at 100-130 kV tension. The absorption of the soft 
component of the roentgen radiation is realized by filtration, there is a diaphragm at the 
tube output, which limits the flow of penetrating radiation falling on the object. 

As it has been mentioned, the principle of different absorption of x-ray radiation by 
different materials lays at the base of all the devices described above. For this reason 
during the investigation of a body consisting of substances differing by their composition 
and/or structure, but having close or equal coefficient of x-rays absorption, a device based 
on such principle would not distinguish such substances, that is, the restored image would 
not contain the information concerning them. For this reason in such cases it is necessary 
to use another approach to the imaging, based on the principles, which differ from x-rays 
absorption, on the other type of interaction between the roentgen radiation and the 
substance. 
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The patent EP 0784202, 1997 describes a computerized tomograph based on 
roentgen phase-contrast method, which uses the effect of x-ray refraction at the frontier of 
the object's areas with different electron density. It leads to x-ray deviation at the angles 
measuring several seconds. In the suggested device the radiation flow falling on the object 
is formed with the help of a monocrystal as a parallel beam with small angle scattering. 
During the passage of such beam through the object containing the substances with 
different electron density, at the frontier of their separation the radiation flow is deviated 
as a result of refraction at the angle mentioned above. This deviation is fixed during the 
turn of a crystal-detector installed beyond the object with the help of a detector. 

Among the disadvantages of the phase-contrast method one can mention the fact, 
that it does not characterize the substance itself, but rather the frontier of separation of 
two substances having different coefficients of x-ray refraction. The formation of the 
penetrating radiation flow is realized following a bicrystal scheme, and it imposes some 
limitations on the effectiveness of the use of the radiation source energy. It is caused by 
the fact that the monocrystal reflects the falling radiation in conformity with Bregg's law. 
The radiation of each wave's length is reflected at a determined angle within the interval of 
divergence equal to the Bregg angled interval of reflection, which is of about 10 angled 
seconds. That means, that less than 10 8 of the energy from all the radiation produced by 
the source is used for the object transillumination. It leads to the increase of the exposition 
time. The use of bicrystal scheme imposes the limitations on the size of the investigated 
object's area, which is determined by the crystals 5 size, or a complex scanning system is 
needed for the imaging of the whole object. 

The mentioned disadvantages can be avoided with the use of the method of 
registration of radiation coherently scattered by the object, for the restoration of 
tomographic image. The patent US 4752722, GO IN, 23/22, 1988 describes the device 
based on the principle of registration of the angled distribution of coherently scattered 
radiation laid within the angles of 1°- 12° as related to the direction of the falling beam. As 
it is pointed out in this patent, the biggest part of the elastic scattered radiation is 
concentrated within the angles of less than 12°, and the scattered radiation has a 
characteristic angled dependency with well marked maxims, whose position is determined 
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by the irradiated substance itself, as well as by the energy of the falling radiation. As the 
distribution of the intensity of the coherently scattered radiation in small angles depends on 
molecular structure of the substance, different substances having equal absorbing capacity 
(which cannot be differentiated with conventional transillumination), can be distinguished 
according the distribution of the intensity of the angled scattering of coherent radiation 
typical for each substance. It is suggested to use narrow collimated beam of mono- or 
polychromatic radiation for the object irradiation. The measurement of the intensity of 
coherently scattered radiation is performed with the help of detector system with the 
resolution by the energy, as well as by the coordinate (the angle of scattering). The 
detector registers the intensity of coherently scattered rays, coming out of the frontiers of 
the primary beam within the zone of scattering. In order to obtain the image it is suggested 
to use the known principles of computerized tomography. With this the absorbed radiation 
is registered simultaneously with the scattered radiation, thus allowing for the account of 
the optical thickness at the way of the penetrating beam for each area of the examined 
object, that is, for receiving the formed curve of coherently scattered radiation. 

The described device has a relatively low sensitivity to the radiation scattered in 
close proximity to the primary beam, as the intensity of the primary beam radiation 
exceeds significantly the intensity of the scattered radiation and inhibits its registration. 
Besides, the radiation intensity falls abruptly with the increase of the angle of scattering, so 
the intensity of coherently scattered radiation with angled diapason of 1 °-12° is rather 
small, and so it is necessary to have sufficiently high doses of radiation and long exposition 
time for object examination. 

The purpose of the described invention consists on the elaboration of the devices 
which, firstly, would be more sensitive to the registration of coherently scattered radiation 
with ultra-small angles (from dozens of second to one degree), and, secondly, necessitate 
smaller doses of radiation for the examination of the object. 

It is well known, that the essential part of coherently scattered radiation is 
concentrated in the area of central diffraction peak, which lays in the angles of scattering 
going from 0 to 1 degree relatively to the direction of the primary beam's fall. In this 
angled diapason is concentrated a characteristic radiation, coherently scattered by the 



5 

heterogeneity of the electronic structure of the object measuring from several hundreds to 
several tens of thousands of angstroms, which is normal for the structure of many organic 
and biological objects/ For this reason we suggest to measure the distribution of 
coherently scattered radiation namely in this angled interval The angled diapason, in 
which coherently scattered radiation is measured depends on the length of the used 
radiation's wave and structural properties of the material; it can be situated within the 
limits from several angled seconds to 1 degree relatively to the falling radiation beam. The 
invention suggests to use a dark field scheme for the measurement of coherently scattered 
radiation with ultra small angles (from 0 to 1 degree, that is, when in the absence of the 
studied object the detector registers only background signal, and in its presence - the 
scattered radiation. Such scheme is more sensitive to the scattered radiation as compared 
with the light field system, described in the patent 4752722, GO IN 23/22, 1988. As small 
angled scattering of the x- rays reflects the internal substance structure (the distribution of 
electron density), the registration of the curve of small angled scattering of the x-rays by 
the studied object, that is, the dependence of the intensity of the scattered rays on the 
angle of scattering, allows to restore the picture of electron density distribution within the 
object under investigation. If the object is not homogenous (that is, consists of different 
substances), the intensity of the scattered radiation under each angle is composed of the 
intensities of the rays, scattered by different substances along the way of distribution of 
the penetrating radiation's beam. During the transillumination of the studied object from 
different directions the picture of radiation scattering for each direction is registered, and 
them using the methods of computerized tomography it is possible to restore the curve of 
small angle scattering (distribution of electron density) for each separate area of the object 
and, as a final result, the picture of electron density distribution within the whole object, 
that is, three-dimension image of this object's internal structure. 

The principle of receiving the image of the object's internal structure, described 
above, can be realized in different variants of the device. The main principle for the 
creation of such devices consists in simultaneous registration of the radiation absorbed and 
scattered by the object under ultra small angles (from several angled seconds to 1 degree). 
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The device allowing for the solution of the problem posed in the invention, is a 
small-angled x-ray tomograph, which includes the source of x-rat radiation, a collimator 
forming the penetrating radiation beam in the form of a narrow fan-shaped beam (or 
several beams) with small angled dispersion, a space filter situated beyond the object, and 
a detector registering the radiation passed through the investigated object. The source of 
radiation, the collimator, the space filter and the detector can move around the 
investigated object in order to examine it from different directions. 

The system "collimator - space filter - detector" has to be organized such a way, 
that it could register simultaneously the scattered radiation and the radiation passed 
through the object without being scattered, for each examined part of the object. 

The collimator must form the beams of penetrating radiation with such a width and 
angled dispersion in one direction, that it could register the scattered radiation within the 
small angled diapason, that is, that any primary beam's ray scattered by the object under 
the small angle a went over the frontiers of the primary beam within the registration zone 
(a can be of several angled seconds), whole in the other direction the beam formed by the 
collimator must overlap all the investigated area of the object. 

From the constructive point of view the collimator can be made in the form of a set 
of slit diaphragms situated one after another; in the form of two radiation-opaque plates 
with a clearance between them; according to Kratky scheme, etc. (Bekrenev A.I., 
Terminasov Yu.S. Apparatus and methods for x-ray analysis, 1980, iss.24, p.100-108; 
Schelten, W.Hendriks, Appl.Cryst, 1978, ll,p.297-324). It is possible to use slitless 
collimator for the formation of the beams of micron and submicron width with angled 
dispersion of several angled minutes. The principle of such collimator's work is based on 
the effect of x-rat passage by the frontier of separation of two flat polished plates' surfaces 
with multiple total external reflection (Leykin V.N., Mingazin T.A., Devices and technique 
of the experiment, 1984, N2, p.200-203). Other constructions of collimators satisfying the 
above conditions can also be used. The shape and the size of the penetrating radiation 
beam formed by the collimator are determined by the character of the investigated object. 

The registering device represents a position-sensitive sensor of x-ray radiation 
allowing for the measurement of the intensity of the scattered radiation. It can be any 
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space-sensitive two-coordinate detector possessing the needed spatial resolution and the 
sensitivity towards the falling radiation. It is preferable to have a detector with high spatial 
resolution, the sensitivity of the detector determines the needed power of the radiation 
source and the velocity of the object scanning. 

Between the investigated object and the detector there is a space filter. It is 
situated in such a way that it can overlap the primary radiation beam and provide the 
passage of coherently scattered on ultra small angles radiation near the frontiers of the 
primary beam, on the detector. The areas of the space filter, overlapping the transparent 
collimator's regions, are made from a material which is opaque for the falling radiation and 
has its own low background of scattering. The borders of the space filter have the shape 
providing low level of scattering of the radiation falling on them. In order to determine the 
level of the intensity of primary beam radiation, passed through the object, a row of 
detectors is installed on the opaque areas of the space fitter. Those detectors measure the 
intensity of the falling radiation and do not block the passage of the radiation scattered by 
the object through transparent areas of the space filter. 

The space filter can be situated just beyond the investigated object. It allows to 
decrease the total level of noise during the registration of the scattered radiation, at the 
expense of screening the primary beam's radiation scattered in the air and the elements of 
the device. However it necessitates a high precision of positioning the space filter 
relatively to the primary beam. The space filter can be situated just in front of the detector, 
registering the scattered radiation, or occupy any intermediate position between the 
investigated object and the detector. 

All the data received during transillumination of the investigated object from 
different directions, enter the system of information processing. When processing the data 
of coherently scattered radiation the optical thickness of the object on the way of the 
examining beam is taken into the account. The restoration of the object image from the 
absorbed and the scattered radiation is made with the use of known principles of 
computerized tomography. 

Another variant of the scheme of the above device allows to use more effectively 
the source radiation. This variant contains a source of penetrating radiation, a collimator 
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forming the flow of radiation falling on the object in the shape of several narrow low- 
expansion beams, a space filter situated beyond the object and a position-sensitive 
detector. The collimator is made in the form of a regular periodical structure with 
alternating slit-like areas transparent for the radiation and opaque areas. 

The formed rays overlap a separate stripe in the object's projection. The space 
filter is regular periodical structure similar to the collimator, in which the areas 
corresponding to the transparent collimator's areas, are made of a material opaque for 
penetrating radiation, so that opaque areas of the filter overlap transparent areas of the 
collimator. With this the size of channels (or slits) and the period of collimator's structure 
, as well as the size of transparent areas of the space filter must provide the registration of 
the radiation scattered under ultra small angles, on the position-sensitive detector. The 
detectors placed on the opaque areas of the space filter allow to determine the intensity of 
radiation of the primary beams passed through the object. The shape and the position of 
the channels can be different: for example, slits, round openings situated in a hexagonal 
package, etc., which is determined by the character of the objects studied in the plant. The 
following requirements are common for such type of collimators: firstly, the lines of the 
surfaces forming the transparent channels, must converge on the focus spot of the source 
for the increase of the effectiveness of the use of ray energy of the plant; with this the 
radiation in different channels of the collimator can come from different areas of the 
source's focus spot (the possibility of use of powerful wide-focus sources of radiation); 
secondly, the collimator must form the beams with such a width and dispersion y that it 
would be possible to register the radiation scattered in small-angled diapason, that is, any 
ray scattered by the object under the small angle a must go out of the frontiers of the 
primary beam in registration zone; thirdly, the collimator's structure must have such a 
period, that would make impossible the overlapping of adjacent beams in the plane of the 
detector; it would allow to register the scattering in small angles, up to the p angle (a and 
P - the angles determining the registered small angled diapason: a can be of 5 angled 
seconds and more, p - up to 1 degree). 

In order to satisfy those requirements the collimator's input and output have to 
be pulled apart to a distance that would be significantly greater than the collimator's 



9 

aperture size. From the constructive viewpoint a slit collimator can be executed in the 
form of alternating radiation-opaque plates and clearances between them, or in the form of 
two diaphragms - with one or more slits at the input and multi-slitted at the output - 
positioned in the due order, etc. Similarly the collimator with radiation-transparent 
channels with round aperture can be executed constructively in the form of a capillary plait 
or two diaphragms: the input diaphragm with one or several openings, and the output 
diaphragm with multiple openings. 

The spatial filter is a response regular periodical structure for the collimator, that 
is, it is constructed in such a way that it detains the direct beams formed by the collimator 
and lets pass the radiation scattered in the object's plane under small angles in angled 
diapason from a to (3. Constructive execution of the spatial filter must correspond to the 
collimator used: a linear collimator necessitates a spatial filter in the form of linear raster; a 
collimator with densely packed cylindrical channels - in the form of a raster with round 
openings and hexagonal cell. 

Another variant of the device foresees the use of a spatial filter, which is semi- 
transparent for the falling radiation. In such case the spatial filter is made of a material 
with low level of radiation scattering and able to weaken the intensity of the radiation 
passed through the object, by the known number of times, to the level of the intensity of 
the scattered radiation. It is preferable to have an intensity of the radiation at the frontier 
of the primary beam, weakened by the spatial filter, which would be of one order less than 
the intensity of the radiation scattered by the object on ultra small angles near the frontier 
of the primary beam. In such case a position-sensitive detector, situated beyond the spatial 
filter, registers simultaneously the intensity of the radiation in the beam and of the 
radiation scattered by the object on ultra small angles. 

Another variant of the device for computerized tomography gives the possibility 
the determine the scattering properties of the investigated object, starting with scattering 
angles of several seconds. It allows to sense structural elements with big period and to 
decrease significantly the dose of object's irradiation. The essence of physical method used 
in the described device for registering the radiation scattered on smallangles, consists in 
the following: a beam of penetrating radiation point-shaped or hachure-shaped in section, 
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is registered by a high-resolution position-sensitive detector. The distribution of the 
radiation intensity in the detector's plane will be determined by the optical transmitting 
function of the device. When the object is put into the device, the total optical transmitting 
function of the device, and, subsequently, the distribution of the radiation intensity in the 
detector's plane will be changed. The change of the form of the distribution of radiation 
intensity will be determined by the scattering function of the object. 

One of the variant of the devices, working on this principle, can be represented 
by a system consisting of a source of x-ray radiation, one or several collimators, 
and a high-resolution bi-coordinate detector. Each of the collimators forms a flat fan- 
shaped beam of radiation. The angled distribution of the intensity in this beam in one 
direction has the form approaching the 8-function, in another direction it will overlap the 
whole area under investigation. The high-resolution detector measures the distribution of 
the radiation intensity in the x-ray beam in the presence and in the absence of the object. In 
order to receive precise measurements it is necessary to have separate sensitive elements 
of the detectors whose dimensions would be less than the half-width of the x-ray beam 
distribution in the registration plane, preferably by an order. The detector must register 
angled distribution of the intensity in the primary beam up to the angle of several tens of 
minutes. Such way of measuring allows to register the x-ray scattered under small angles, 
not only those passing over the beam's frontiers, but also those leading to the re- 
distribution of intra-beam radiation. In order to have the possibility to compare 
insignificant changes of the big signals during the data processing, the obtained indices of 
the distribution of radiation intensity in the beam in the presence and in the absence of the 
object are normalized for the total intensity of the radiation falling on the object and 
passing through it, respectively. Thus, the obtained data are reduced to the common 
conditions, and the changes in the form of the curve of distribution of the radiation 
intensity in the beam (the difference of the normalized spatial distribution of the intensity) 
will reflect the scattering function of the medium, through which the radiation is passing; 
with this simultaneously the coefficient of medium absorption will be determined. 

The optimal conditions of registration during the investigation of different objects 
can be achieved by selecting the stiffness, that is the length of the wave of the used 



11 



penetrating radiation. The softer is the radiation (the bigger is the wave's length), the 
greater will be the changes of the normalized curve of the intensity distribution in the 
penetrating beam beyond the object; however with this the part of radiation absorbed by 
the object increases, while the signal on the detector decreases. The choice of optimal 
parameters of the penetrating radiation depends on the character of the investigated 
object, and is effectuated individually in each case. With the use of polychromatic source 
of radiation it can be achieved either by selecting a filter sectioning the needed spectral 
diapason of the radiation, or by using a detector selectively sensitive to a particular 
diapason of the energy of the registered quanta. In the latter case each spectral diapason of 
the penetrating radiation has its own intensity distribution in the post-object beam 
registered on the detector. The common requirement for the detectors used in such 
scheme of simultaneous registration of the radiation scattered and passed through the 
object consists in their ability to measure the radiation intensity in wide dynamical 
diapason of values. For example, the intensity of scattered radiation is smaller than the 
intensity in the passed beam by 10 3 - 10 5 times. The detector must measure all this 
diapason of values of the radiation's intensity. 

Another variant of the scheme allows to determine the scattering and the absorbing 
properties of the investigated object using a wide beam of penetrating radiation. This 
variant of the scheme allows to use effectively the radiation from the source. Its peculiar 
feature is the collimator being a multi-slit periodical structure, which forms the flow of x- 
ray radiation as a wide beam, modulated with high spatial frequency. The detector 
possessing high spatial resolution in the registration plane measures periodically 
modulated distribution of the radiation intensity in the presence and in the absence of the 
object. The presence of the object in the device leads to the change of the function of 
modulating the intensity distribution in the detector plane. It allows the determine the 
following parameters of the investigated substance: the decrease of the average value of 
intensity along the direction of the beam's modulation determines the magnitude of the 
radiation absorption be different part of the object, while the change of the depth of the 
modulation of intensity distribution shows indirectly the function of the object scattering. 
In order to reveal several heterogeneity, occupied be the investigated substance, within 



12 



the object, it is necessary to have the period of spatial modulation of the radiation in the 
object smaller than the size of this heterogeneity. 

The sensitivity of the described device to the registration of the intensity of the 
scattered radiation is determined by the spatial frequency and the depth of the modulation 
of the falling radiation and the resolution of the detector used. The higher is spatial 
frequency of the radiation's modulation and the bigger is the depth of the modulation, the 
greater will be the changes of the function of the radiation intensity distribution with the 
introduction of the object. However maximal values of acceptable spatial frequency of the 
radiation's modulation are limited by the parameters of the modulator used and the 
resolution of the registering elements. The spatial sensitivity of the detector must be 
smaller than the period of the spatial modulation of the radiation, preferably by an order. It 
is also necessary to have a detector sensitive to the registration of the radiation in wide 
dynamical diapason of the intensity's values. 

In all the devices descried above one can use the beam of penetrating radiation of 
different forms, depending on the character of the object under study. For example in 
order to investigate the objects having an anisotropy of the scattering properties 
(anisotropic structure) it is necessary to have a device able to register the object scattering 
in at least two mutually perpendicular directions. For this purpose one can use: a point- 
shaped beam of penetrating radiation, two mutually perpendicular beams flat fan-shaped 
beams with the same direction of diffusion, etc. 

The essence of the invention can be explained by the following figures of the 
drawings, where. 

fig. 1 shows one of the variants of a tomographic device, in which the beam of 
penetrating radiation going in the direction perpendicular to the plane of the optical 
system's rotation, overlaps totally the investigated area of the object; 

fig. 2 shows a device in which the displacement of the system "source -collimator - 
spatial filter - detector" relatively to the object is performed in spiral trajectory; 

fig. 3 shows the scheme of a tomograph, in which several identical systems "source 
- collimator - spatial filter - detector" are used; 
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fig.4 shows a tomographic device in which the system "source - collimator - 
detector" is displaced in the trajectory, laid on the surface of a sphere situated around the 
investigated area of the object; 

fig. 5 shows one of the dark-field schemes for simultaneous registration of small- 
angled scattered radiation and the primary beam radiation according to the given image; 

fig. 6 shows the same scheme of simultaneous registration of small-angled scattered 
radiation and the primary beam radiation with a semi-transparent trap put on the way of 
the primary beam; this trap decreases the level of intensity in this beam to the level of 
intensity of the scattered radiation; 

fig. 7 shows the scheme with multi-slit collimator and spatial semi-transparent filter 
in front of the detector; 

fig. 8 shows another scheme of simultaneous registration of small-angled scattered 
radiation and the primary beam radiation, in which the detector measures the distribution 
of the radiation's intensity in the primary beam beyond the object; 

fig. 9 shows another scheme of registration with spatial modulation of the radiation 
falling on the object. 

One of the variants of the device used for the imaging of the electron density 
distribution in the investigated object is a small-angled tomograph shown in fig.l. It 
includes a source of radiation 1, a collimator 2, a spatially-sensitive detector 3 and a 
spatial filter 5 situated between the investigated object 4 and the detector 3. A fan-shaped 
beam 6 of penetrating radiation, formed by the collimator 2, has in one direction (the plane 
of rotation) a width and an angled divergence, which provide the registration of small- 
angle scattering, starting from the angle a (a- cam be of several angled seconds). In 
perpendicular direction the beam overlaps the whole area under investigation. The 
scattered radiation 7 is registered by the detector 3 in the direction perpendicular to the 
beam's plane. The radiation 8 of the primary beam beyond the object is registered by the 
ruler of the detectors 9, situated on the spatial filter 5. The resolution of spatial 
heterogeneity in the direction, perpendicular to the fan-shaped beam's plane, are 
determined by the beam's width; while along the beam they are determined by the 
magnitude of sensitivity of the detector's sensitive elements. The system of displacement 
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(not shown on the drawing) provides the 360° rotation of the source, the collimator, the 
spatial filter and the detector around the investigated object 4. During one cycle of 
measurements the system makes one or several turns, with this under each angle of the 
object transillumination, the passed radiation 8 and the scattered radiation 7 are registered. 
A computerized system processes the obtained data and normalizes the scattering (the 
distribution of the electron density) and the absorbing properties for each area of the 
investigated object. As a result the reconstruction of the object's internal structure is done. 

Another variant of the device, shown on fig. 2, stipulates the creation of three- 
dimensional image of the internal structure of the investigated object 4, possessing 
significant dimensions in one direction. With this the optical system - a source 1, a 
collimator 2, a spatial filter 5, a detector 3 - is displaced in spiral relatively to the 
investigated object 4. For example, it can by a system: source 1, collimator 2, spatial filter 
5, detector 3, similar to that described above. The spatial filter is made of a material which 
is semi-transparent for penetrating radiation, and it decreases the radiation intensity in the 
primary beam beyond the object to the level of the intensity of the radiation scattered 
under small angles. The collimator 2 is situated in such a way, that the plane of the fan- 
shaped beam, formed by it, lays in the plane of rotation. Transversal dimensions of the x- 
ray beam must be bigger than those of any area of the investigated object. The optical 
system is situated on a rigid frame 10, which can make a 360° turn around the investigated 
object. During the rotation of the frame 10 a transporting bed 11, with the investigated 
object 4 on it, is displaced along the axis of rotation. The beam of penetrating radiation 
passes sequentially through each area of the object from all the directions (360°). The 
velocity of the object displacement is determined by the rate of rotation of the optical 
system and the sensitivity of the detector 3. The isolation and the processing of the signal 
corresponding to the small angle scattering and the radiation passed through the object is 
made similarly to the device described above. 

The device presented on fig.3, stipulates the presence of several identical schemes 
"source 1, collimator 2, spatial filter 5, detector 3" situated at different angles relatively to 
the object 4. For example, it can be a device including three or more identical systems, 
analogous to those described above, situated evenly under different angles in the same 



plane. The fan-shaped beams 6, formed by each of the systems, lay in one plane, 
corresponding to the plane of the systems themselves, and overlap the whole object's area 
under investigation. The reconstruction of the internal structure of the transilluminated 
object's area is made by comparison of the data obtained from each system. In order to 
receive a three-dimensional image of the object's internal structure, the investigated object 
and the device are displaced one relative to another. For example, the device can be 
displaced as a whole (the plane of the systems) along the long axis of the object 4, The 
isolation of the data, corresponding to the radiation scattered and absorbed by the 
investigated object, as well as the reconstruction of three-dimensional image of the object 
are made similarly to the devices described above, the use of several systems allows to 
increase the velocity of data acquisition. 

Fig 4 shows a device for computerized tomography, based on the principles of the 
reconstruction of the object's internal structure from the data of scattered and absorbed 
radiation. It consists of a source of radiation 1, a collimator 2, a high-resolution position- 
sensitive detector 3. The collimator forms a point- shaped or a hachure-shaped beam for 
transilluminating the investigated area of the object. With this the optical system "source 
of radiation 1, collimator 2 and defector 3" is displaced in a complex trajectory, laid on the 
surface of a sphere situated around the investigated area of the object 4. The beam, 
formed by the collimator, must satisfy the conditions, necessary for the registration of the 
radiation scattered under small angles, and simultaneously, the registration of the radiation 
passed through the object. The isolation of the data corresponding to the radiation 
scattered and absorbed in the investigated object, is realized according to one of the 
schemes described above. For example, as for the determination of the changes of the 
radiation intensity in the primary beam beyond the object. With this the sensitive elements 
of the detector 3 must be smaller than the semi-width of distribution of the x-ray beam 
intensity in the registration plane, preferably by an order. The number of projections of the 
investigated area of the object, obtained during the displacement of the optical system in 
its trajectory, must be sufficient to form a three-dimensional image of electron density 
distribution in this area. After the data processing the computerized system forms a three- 
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dimensional image of the investigated are of the object. Such device can be used, for 
example, for brain tomography. 

On figs. 5-9 one can see different variants of optical schemes for simultaneous 
registration of the radiation scattered under small angles, and the primary beam radiation 
beyond the object. 

One of the variants of such scheme (fig. 5) can be composed of a source of x-ray 
radiation 1, a collimator 2 made, for example, according to Kratky scheme and forming 
the radiation as a flat fan-shaped beam with such a width and an angled divergence in at 
least one direction, that it can register the scattered radiation ins mall-angled diapason, 
while in another direction the formed beam must overlap the whole investigated area of 
the object 4, a spatial filter 5 and a bi-coordinate position-sensitive detector 3. The 
detectors 9, measuring the radiation intensity in the primary beam beyond the object, are 
situated on the spatial filter 5. With this the detectors 9 must be of such dimensions and 
must be situated in such a way, that does not influence the registration of the radiation 7 
scattered by the object 4, by the bi-coordinate detector 3. 

Fig. 6 shows another variant of the scheme for simultaneous registration of the 
radiation scattered 7 and passed 8 through the object 4. This scheme stipulates the 
introduction of the radiation 8 of the beam from the spatial filter 5 passed through the 
object, into the channel, so that the intensity of radiation on the frontiers of the primary 
beam beyond the spatial filter 5 would be of one order smaller than the intensity of the 
scattered radiation 7 near the frontiers of the primary beam. With this the function of the 
radiation scattering by the object is determined directly by the data obtained from the 
detector 3, while the intensity of the radiation passed through the object, is calculated with 
a known coefficient of the radiation absorption be the filter. 

Another variant of the scheme (fig. 7) for simultaneous registration of radiation 
scattered 7 and passed 8 through the object 4, can contain a source of penetrating 
radiation 1, a collimator 2, forming the flow of radiation falling on the object in the form 
of several narrow low-expanding beams, a spatial filter 5 situated beyond the object and a 
position-sensitive detector 3. The collimator 2 is made in the form of a regular periodical 
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structure with radiation-transparent slit-like or channel-like areas alternating with opaque 
areas. 

The formed rays overlap a separate stripe in the projection of the object 4. The 
spatial filter 5 is regular periodical structure, similar to this one of the collimator 2, in 
which the areas corresponding to the transparent areas of the collimator, are made of a 
material, semi-transparent for the penetrating radiation in such a way, that the semi- 
transparent areas of the filter 10 overlap the transparent areas of the collimator 2. With 
this the dimensions of the channels (or slits) and the period of the structure of the 
collimator 2, as well as the dimensions of transparent areas of the spatial filter 5 must 
provide the registration of small-angles scattered radiation 7 and, separately, of the 
weakened radiation passed 8 through the object 4, by the position-sensitive detector 3. 
The form and the position of the channels are determined by the character of the 
investigated objects. The following requirements are common for such type of collimators: 
firstly, the lines of the surfaces, forming transparent channels, must converge on the 
source's focus spot in order to increase the energetic efficacy of the plant; with the 
radiation into different channels of the collimator 2 can come from different areas of the 
focus spot of the source 1 (the use of powerful wide-focus radiation sources); secondly, 
the collimator must form the beams with such a width and a divergence y that it would be 
possible to register the radiation scattered in small-angled diapason, that is, and ray 
scattered by the object under a small angle a would pass out the frontiers of the primary 
beam within the registration zone; thirdly, the period of the collimator's structure must be 
such, that it would make impossible for adjacent beams to overlap each other in the 
detector's plane; it allows to register the scattering in small angles, up to the 3 angle (a 
and 3 - the angles determining the registered small-angle diapason; a can be of 5 angled 
seconds and more, p - up to 1 degree). 

From the constructive viewpoint the collimator can be executed, for example, in 
the form of alternating radiation-opaque plates and clearances between them. 

A spatial filter of small-angles radiation is a response regular periodical system for 
the collimator, that is, it is constructed in such a way, that it weakens the direct rays, 
formed by the collimator, and lets through without any hindrance the radiation scattered in 
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the object's plane under small angles within the angled diapason from a to p. The 
constructive execution of the spatial filter must correspond to the collimator used: the 
spatial filter for a linear collimator must be executed in the form of a linear raster. The 
magnitude of the weakening of the primary beam radiation is determined by the spatial 
filter's coefficient of absorption. 

Fig. 8 shows another scheme for simultaneous registration of the small-angled 
scattered radiation and the primary beam radiation; in this scheme a high resolution 
detector 3 measures the distribution of the intensity of radiation in the x-ray beam in the 
presence 7 and in the absence 8 of the object 4. In this case the collimator 2 forms the 
radiation of the source 1 as a flat fan-shaped beam, which has in one direction the angled 
distribution of intensity close by its form to the 5-function, and in the other direction it 
overlaps the whole investigated area of the object. In order to provide precise 
measurements it is necessary to have the dimensions of separate sensitive elements of the 
detector smaller than the semi-width of the distribution of the x-rat beam 8 intensity, 
preferably by one order. Such way of measuring allows to register the x-ray 7 scattered 
under small angles, not only going out of the beam's frontiers, but also those, which lead 
to re-distribution of the radiation intensity inside the beam. In order to have the possibility 
to compare insignificant changes of big signals during the data processing, the obtained 
distributions of the radiation intensity in the beam in the presence and in the absence of the 
object are normalized for the total intensity of the radiation, falling on the object and 
passed through it, respectively. Thus, the obtained data are led to common conditions, and 
the change of the form of the curve of the radiation intensity distribution in the beam (the 
difference of normalized spatial distribution of intensity) will reflect the scattering function 
of the medium through which the radiation passes. The common requirement to the 
detectors with this scheme of simultaneous registration of the radiation, scattered 7 and 
passed through the object 8, is their capacity to measure the intensity of radiation in the 
wide dynamical diapason of values. 

Another variant of the scheme (fig. 9) allows to determine the scattering and the 
absorbing properties of the investigated object using a wide beam of penetrating radiation. 
This variant allows to use more effectively the radiation from the source 1 . It differs in that 
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the collimator 2 represents a multi-slit periodical structure, forming a flow of x-ray 
radiation as a wide beam, modulated with high spatial frequency. The detector 3 with high 
spatial resolution in the registration plane, measures the periodically modulated 
distribution of the radiation intensity in the presence and in the absence of the object 4. 
The presence of the object 4 in the device leads to the change of the function of 
modulation of intensity distribution in the plane of the detector 3; it allows to determine 
the following parameters of the investigated object: the magnitude of absorption of the x- 
ray radiation by different parts of the object by the decrease of the average value of 
intensity along the direction of the beam modulation, the scattering function of the object 
by the change of the depth of modulation of the intensity distribution. In order to reveal 
the heterogeneity occupied by the investigated substance, within the object, it is necessary 
to have period of spatial modulation of radiation in the object smaller than the size of 
heterogeneity itself 

The sensitivity of the described device for the registration of the intensity of the 
scattered radiation is determined by the spatial frequency and the depth of modulation of 
the falling radiation, as well as by the resolution of the detector used. The higher is the 
spatial frequency of the radiation's modulation and the bigger is the depth of modulation, 
the greater are the changes of the function of the radiation intensity distribution with the 
introduction of the object. However maximal values of acceptable spatial frequency of the 
radiation modulation are limited by the parameters of the modulator used and the 
resolution of the registering elements. The spatial sensitivity of the detector must be 
smaller than the period of spatial modulation of the radiation, preferably by one order. It is 
also necessary to have a detector sensitive for the registration of the radiation within wide 
dynamical diapason of the intensity values. 
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Formula of the invention, 

L A device for small-angle computerized tomography, containing a source of 
penetrating radiation, a collimator, forming the radiation flow falling on the object in the 
form of one or several narrow, low-expanding at least in one direction, beams, a 
coordinate-sensitive detector performing the registration of coherent radiation scattered 
on small angles, a system for relative displacement of the complex "source - collimator - 
detector" and the object, and a computerized system for processing the information 
obtained from the coordinate- sensitive detector, differing by a spatial filter put between 
the object and the coordinate-sensitive detector and separating the radiation scattered by 
the object on ultra-small angles relatively to the direction of the falling beam. 

2. A device in p.l, differing by a collimator executed in the form of a regular 
periodical structure with radiation-transparent slit-like or channel-like areas alternating 
with opaque areas and overlapping a separate stripe in the object projection; the spatial 
filter represents a collimator-like regular periodical structure, in which the areas 
corresponding to the transparent areas of the collimator, are made from a radiation- 
opaque material, and the areas overlapping opaque areas of the collimator, are made 
transparent for penetrating radiation; on opaque areas of the filter there are detective 
elements for the measurement of radiation passed through the object; with this the sizes of 
the channels or the slits and the periodical structures of the collimators must provide the 
registration of the radiation scattered on ultra-small angles, by the position-sensitive 
detector. 

3. A device in p.l, differing by a collimator executed in the form of a regular 
periodical structure with radiation-transparent slit-like or channel-like areas alternating 
with opaque areas and overlapping a separate stripe in the object projection; the spatial 
filter is situated in front of the detector and represents a collimator-like regular periodical 
structure, in which the areas overlapping opaque areas of the collimator, are made 
transparent for penetrating radiation, and the areas overlapping transparent areas of the 
collimator are made of the material, which partially absorbs the radiation and decreases the 
intensity of the radiation passed through those areas to the level of the radiation scattered 
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on small angles and passed on the coordinate-sensitive detector through transparent areas 
of the spatial filter. 

4. A device for small angle computerized tomography, containing a source of 
penetrating radiation, a collimator forming the radiation flow falling on the object in the 
form of one or several narrow, low-expanding, at least in one direction beams, a detecting 
system, a system a system for relative displacement of the complex "source - collimator - 
detector" and the object, and a computerized system for processing the information 
obtained from the coordinate-sensitive detector, installed at such a distance from the 
object and having such spatial sensitivity, which allows to register angled distribution of 
the intensity on the section of the beam passed through the object with spatial resolution 
which is more narrow, than the semi-width of the intensity distribution in the beam in the 
registration plane; with this each beam in formed by the collimator in the object projection 
is, at least in one direction, more narrow than the area occupied by the controlled 
substance within the object. 

5. A device for small angle computerized tomography containing a source of 
penetrating radiation, a collimator forming the radiation flow falling on the object in the 
form of one or several narrow, low-expanding, at least in one direction beams, a detecting 
system, a system a system for relative displacement of the complex "source - collimator - 
detector" and the object, and a computerized system for processing the information 
obtained from the coordinate-sensitive detector, differing by a collimator representing a 
slit-like structure , forming a set of narrow, low-expanding beams of radiation in the 
direction of the investigated object; the registration of the radiation passed through the 
object is made by the bi-coordinate space-sensitive detector and a block for information 
processing connected with the detector; with this the period of multi-slit structure is 
chosen based on the condition of providing a period of spatial modulation of the radiation 
which is at least by two times smaller than the size of the area, occupied by the controlled 
substance within the object, and the spatial resolution of the detector is smaller than the 
period of spatial modulation of the radiation in the registration plane. 

6. The device in one of the pp. 1-5, differing by each beam overlapping the whole 
investigated area of the object in one direction, with this the complex "source - collimator 
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- detector" is executed with the possibility of performing a 360° rotation relatively to the 
investigated object in the plane perpendicular to the plane of the fan-shaped beam. 

7. A device in one of the pp. 1-5, differing by the complex "source - collimator - 
beam" executed with the possibility of spiral displacement relatively to the investigated 
object. 

8. A device in one of the pp. 1-5, differing by the collimator forming a beam with 
point-shaped or a hachure-shaped section, with this the complex "source - collimator - 
detector" is executed with the possibility of displacement in complex trajectory laying on 
the surface of a sphere situated around the investigated area of the object. 
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Abstract. 

The invention deals with computerized tomography based on the object imaging 
with small angle scattered radiation. The registration of the scattering is made in ultra- 
small angles: from 0 to 1 degree relatively to the direction of the falling beam. Several 
schemes allowing to perform the registration of coherent scattering in the mentioned 
angles are suggested. The fan-shaped low-diverging beams formed by the collimator are 
directed to the object. In one of the variants of the device it is suggested to use a special 
spatial filter situated beyond the object for the separation of the radiation scattered on 
small angles; this filter represents a collimator-like structure, in which radiation- 
transparent areas of the collimator are overlapped by opaque areas of the filter. With this 
in the absence of the object the radiation does not pass on the space-sensitive detector 
situated beyond the filter. Being installed between the collimator and the spatial filter, the 
detector registers the scattering of the radiation on small angles. In order to register the 
radiation passed through the object in the direction of the primary beam, the detective 
elements are installed on opaque areas of the filter. It allows to obtain, besides a 
tomogram in the scattered radiation, tomographic images by the absorbed radiation. In 
another variant of the device the areas of the filter overlapping the transparent areas of the 
collimator, are made partially absorbing the radiation passed through the object along the 
direction of the falling beams, and decreasing it to the level of intensity of the scattered 
radiation. One of the suggested schemes allows to determine the object's scattering 
function within the limits of the primary beam. Based on the data of scattering obtained for 
different views of the object relatively to the system "source - collimator - detector" it is 
possible to restore the tomographic image of the object. 3 independent points of 
formulae, 9 figs. 



EXPRESS MAIL LABEL 
NO.: EK154952838US 



09/601908 




09/6C190 8 




09/6C1908 




09/6C1 90 8 




09/601908 




09/6C1 90 8 




09/6C1 90 8 




09/601908 




09/601 90 8 




Practitioner'* l>ockei No* u 01289 2-1 PATENT 



COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGli OF PCT 9 SUPPLEMENTAL* DIVISIONAL. 

COXTINUA'J ION, OR C-I-P) 



As a below named inventor, 1 hereby declare that: 

TYPE OF DECLARATION 
This declaration is of the following type: 

(check one appln able item below) 

[x] original. 

I ] design. 

[ ] supplemental. 

NOTE: If the declaration i? for an International Application being filed as a divisional, continuation or 
continuation *m~pari application, do not check /<&cr turn, clicck appropriate cm of last three items. 

[x] national stage of PCX. 

NOTE: Ifons of the following 3 items apply* then complete and also attach ADDED PAGES FOH DWSlONAL, 
CQNTWUA 'HON OR C-I-P. 1 

NOTE: See 3 7 C.F. R. § 1, 65 fa]) (continued prosecution application) for use of a prior nonprovisional application 
dedtiraiion in the continuation or divisional application being fil&d on behalf of the sams or fewer of the 
inventors named in the prior apphcatioa. 

[ ] divisional. 
[ ] continuation, 

NOTE- Where an application discloses and claims subject matter not disclosed in the prior application, or a 
continuation or divisional application /tattte± an inventor not named in ike prior application, a 
continuation-in-part application must be filed under $7 CF.Jt, $ i. 53(b) (application filing requirements- 

t, Qtiprovisional application) 

[ ] continuation-in-part (C-J-P). 

INVENTORSHIP IDENTIFICATION 

WCCfcVflV <jt7 If the in ventors are each not the in vtttuorx of all th& claims, an explanation of the facts, including 
ifa ownership of all the claims at the time the last claimed invention was made* should be 

Submitted 

My residence, post office address and citizenship are as stated below, next to my name, I believe 
that I am the original, lirsi and sole inventor (ij only on* ?iarne is listed below) or an original, first 
and joint inventor (if plural names a/v listed below) of the subject matter that is claimed, and for 
which a patent is sought on the invention entitled: 
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TITLE OF INTENTION 



"ULTRA-SMALL ANGLE X-RAY TOMOGRAPHY" 



SPECIFICATION IDENTIFICATION 

The specification of which: 

{complete ho (b)> or (O) 

(a J [X] is attached hereto 

MOTS. "The following combination:: of information supplied in an oath or declaration filed on ih$ application 
filing date with a specification are acceptable wr minimum* for identifying a specification and compliance 
Mth any one of the items below W/ be accepted as complying with the identification requirement of 3 7 
CFR§L65- 

"(J) name ofhtventor(s). and referent c to an attached specification which is both attacfied to the 
oath or declaration at the time of execution ami submitted with the oath or declaration on filing; 

"(2j name of inventor(sj, and attorney Jackal nurtther which was On the specification as filed; Or 

'fjj name of invenior(sj l and tide which wa*\ on the specification asfded." 

Xohcc of July 1 3, 1995 (I-77Q.G. oO; 

O) [ ] was filed on t [ ] as Application No. 

1 ] am! was amended on „ '_ w (if^plicablef 

MOTE- A wnaments filed after the original papers are deposited with the f*TQ that contain new matter are not 
uccurded l: filing date by being rtfi-rrcd to tn the declaration Accordingly, the amendment f involved are 
(host- filed wan the application papers ok in the c^se of a supplemental declaration, are those amendments 
claiming matter not encompassed in th* origin-, U stefomestt of invention or claims. See 37 CF-R. § 1 .67. 

NOTE: "Tie following combinations of information Supplied in an oath or declaration filed ajler the filing date 
are acceptable as minimum* jar id^nujymg a specification and compliance with any one of she items below 
will be accepted as complying with the identification requirement of 37 C.F.R, § 1.63; 

'Y/ * nam* of invemorfs) , and application number (consisting of the series code and the serial 

numbs*, t . ^<WJ23,-!56); 

"(2) name of inventor* xenal number and filing date, 

"(3 i wne cftnventorfsi and attorney decks t number which was on the specification as filed; 

"{4} name of inventory;, title which wav on the specification as filed and filing date, 

"(3) name of in senior (s), title which wz ; on she specification as filed and reference to an attached 
specification which ts both attached to the oath or declaration at the time of execution and submitted with 

the oath or declaration, or 

' (oj nameofinventor{sj t title which wa ton the specification affiled and accompanied by a cover 
tetter accurately identifying the application for which tt was intended by either the application number 
{consisting of the series code and the serial number; e.g. 1 0£/I23 t d56f or serial number and filing date 
Assent any statements to tfa contrary, is wilt he presumed that the application filed in the PTO is the 
application which the mvt?n:c>r(s) executed by signing the oath or declaration," 

.\^t^oj^ufy tx r 9PS <iJ7? O.G. oc'., M,P E.p § 601(a), 6th *d. s rev.3, 
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was described and claimed m PCT International Application No, PCT/RD /00042 

filed on AZ:M^i_??JL_. _ a:id as amended under PCX Article 19 

on fzfa??y:. 

SUPPLEMENTAL DECLARATION (37 CRR, § 1.61(b)) 

{complete i he folio w.ng n^crc a supfn taenia! declaration ;s being submitted) 

1 hereby dedans char the sybjec* marter of the 

[ J attached amendment 
[ ] amendment filed on . 

was pan of my /our invention and ws* invented before the filing date of the original 
application, above identified, for such invention. 

ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

i hereby state that I have leviewed and understand xhe contents of the above-identified 
specification, including the claims, us amendeu by any amendment referred to above. 

i acknowledge the duty to disclose information, which is material to patentability as 

defined in 37, Code of Federal Regulations, § 1,56, 

ial:.9 <;hv,-K ike following item?, if desired) 

( j and which is material to ihe examination of this application, namely s 
information where there is a substantial likelihood thai a reasonable Examiner 
would consider it important m deciding whether to allow the application to 
issue a patent, and 

[ j m compliance with i his duty, there is attached an information 
disclosure statement, In accordance with 37 CF.R, § L98- 
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PRIORITY CLAIM (35 U.S.C. § 1 1 9(a)-(d)) 

NOTE. 'The claim to prions netd h* ui /id special fin m ana may o* made by the attorney or agent if ihe foreign 
applv mon is rejerrea w m the oath or aeckv uion as required by § i.oS The claim for pnenty and the 
certified cop* of the foreign application .peci^d m 35 t 5 C § UOfh) must he filed m ihe case oj an 
iiutn&tnc* </t.&M, when neceiseuy to ovt-^me the dare of a referee? relied upon by the. examiner, 
»he' t t ^pectfitady required by ihe ^amuutr, and m aH other niucmons, before the patent u granted If the. 
Jaw, forpnenry or ihe certified copy of the fvn tgn application is filed after ihe date ihe was fee it paid, 
a must be accompanied by <* pennon requesting entry and by the fee set forth in § J 1 7(i). J] the certified 
copy ts noi U; ;he English language, a translmum ne*d not be filed except in the ease cj inter fir met; or 
when necessary to overcome me date of a r^ace retted upvn by the examiner: or v*hen specifically 
required by the examiner, in which event an English language translation must be filed together *ith a 
*txtemer.t (hat ih*> tramiauun vj the cc-ttifc'd * -y>y is accurate. " 37 C f.A $ sj$(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19(a)-(d) 
of any foreign application^) for patent or inventor's certificate or of any PCT international 
applications) designating at least one countr> other than the United States of America listed 
below and have also identified below any toreign applications) for patent or inventor's 
certificate or any PCT international application^) designating at least one country other than the 
United States of America filed by me on the same subject matter having a filing date before that 
of the apphcation(s) of which priority is claimed. 



(a) 
(e) 

NOTE. 



(complete (d) or (e)) 

no such applications have been filed. 

such applications have been filed as follows. 



Where item (ci is entered above and the huernaumai Application which designated the U.S. itself clumed 

priority chect item ft I *n>'?r :nv details behw ni'td nuke the priority claim. 



PRIOR FOREIGN/PCT APPLICATION^) FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION 
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C § 119(*M«9 



COUNTRY (OR 
INDICATE IF PCT) 


APPLICATION NUMBER 


DATE OF FILING 
DAY, MONTH, YEAR 


PRIORITY 
CLAIMED UNDER 

35 USC 119 1 




9b" j46o , 

PCT / RL / 0'J04 2 


12.03.1998 


fc ] YES [ ] NO 


17.02. 1999 


f ] YES [ ] NO 








[ j YES [ ]NO 






f J YES [ ] NO 








[ ] YES [ ]NO 
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> CL/*JLM FOR BENEFIT OF PRIOR I • S, PROVISIONAL APPLXCATION(S) 

(35U.SX 5 119(e)) 

I hereby ci;*:m the beiic-m under Tide United States Code, § 119(e) of any United 
States provisional application^) lifted below: 

PROVISIONAL APPLICATION NUMBER FILING DATE 



CLAIM FOR BENEFIT OF EARLIER U.SJTCT APPLICATION(S) 
USDER 35 li.S.C.§ 120 

] Thr claim for the benefit oi any such applications are set forth in the attached 
ADDED PAGES TO COMBINED DECLARATION AND POWER OF 
ATTORNEY FOR DIVISION A L ; CONTINUATION OR CONTINUATTGN- 

IN-PARI (C-i-F) APPLICATION. 



All I OiLElGN APPLICATION^}, if\4A% PILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



NOTE. 1 If the application filed more than 12 months from the filing date of this application is a FCT filing forming 
me b&S'sfar Ms application entering the Untied States as (!) the national stage, or (2) a continuation, 
divisional, or aommuattoiwpars. zi*en also complete ADDED PAGES TO COMBmED DECLARATION 
A HD POWER OF A TTORNEYFOR DIVISIONa L , COXT/NUA TIONOR C-I-P APPUCA HON for bentfu 

ofih'jpncf U.S. or PC7 application^) under * y ' tf.S.C § 1 20. 

POWER OF ATTORNEY 

i hereby appoint the following practihoner(s) to prosecute this application and transact all 
business in the Patent i\nd Trademark Office connected therewith, 

>'h^: name ami / egisiraxian number) 




JOSEPH H HANDELMAN. 26VJSL 
T0HN RICHARDS^12iSL. 
ICfL^kQ J. STPJ-A?:. 
PbTER i K GALlOWA\ w^^-. 
IANC EAlLLIE.iiOQO^ 
THOMAS F. PETERSON, 247% 



RICHARD P. BERG, 28145 



JUUAN H. COBEN 5 20302_ 
WILLIAM R EVANS, 

JANET I CQVD.i&m , 

CLIFFORD L MASS, j OOS6 
CYNTHIA R. MILLER* 3467S 
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(Check rhc j following (tew, if applicable} 



[ ] 1 hereby appoint the pracntioi^r(5j associated with the Customer Number pro- 
vided below to uroAvCuic thit application and to transact all business m the 
Patent and Trademark Office :unneciea therewith. 



J 



Attached, as purr onhis dcclai Kion arid power of attorney, is the authorization 
of the above-nameu practitioners i :o accept and follow instructions from my 
represenrauve(s). 



SEND CORRESPONDENCE TO DIRECT TELEPHONE CALLS TO: 

(Name and telephone number) 

Ob West 6l !LStC£fiL 
New York, N.Y. 10023 



DECLARATION 

I hereby declare that all statements maue herein of my own knowledge are true and that 
all statements made on information and belie t are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, muter Section } 00 1 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent Lshacd thereon, 
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SIGN A rURE(S) 



i VO TE, Cartful iy :n, L'C the fa mdy (or fas?) n ame a Mi she uld Qppezr on th e fihng receipt and all oth er document. 



t\'OTE- Each inventor k;us; be identified by full nam* fid tiding the family name, and at l&ust one given name 
with our abbreviation together with any other ^tven name or initial, and by hiss her residence, post Qffic$ 
address and country of 'citizenship 3? C F.R ; ; J. 63 (a) (3j 

NOTE; Inventors may execute separate declarations oaths provided each dectarcttion/oath sets forth all the 
inventors \ Section 1. 63 (a) (3) requires thai a deciaraiioru'octh 4 inter alia, identify each inventor and 
prohibits the execution of separate declarationJoaths which each sets forth only the name of the executing 
invents 62 Fed. Reg, 53,131. 53.142, October 10, 1997, 

Fwll narae of sole or first inventor 
Pavel Ivanovich 



(Given Name v \ 

Inventor's sigia 



Date (Xl 




JMiKdl? Initial r?r Nam?) 



Residence ^^w, Russia 



i Country of C1tiae&*hip Russia 





Post Office Address k v.1 2 0 , d , 12 f Vlirsa No voorlovskaya, 

Moscow, II 963 3 , Russia 



Full naaie of second joint inventor, if any 



KOMARDIN 



Va.lentinovieh 

''(AiiddleTnTzial orl^imT) Ramify (Or Tost Name} 



|Ueg 

{(jiven K ? ameJ 

Inventor's signature (/{y /h^// H& If ? d k^juec^tj**^ 

Date Country Jff Citizenship Russia 

MosicovL— Russia^ 




Residence 



Post Office Address kv. 71,d.3 e u litgsa EIni nskava , 
Moscow, 121467 , Russia 



FuU mm? of third joint inventor, if any 

(GivtrTName) ^^^/77^'Ii?^r7^^^) Tamiiy (Or Last Name) 

Inventor's signature __ . _ , 

Bate Country of Citizenship , 

Residence 

Post Office Address 
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(check proper boxfesijor any of the following added page(s) 
that form a parr <<; this declaration) 

Signature for fourth and aubsequenijomi inventors Number oj pages added 



Signature by adnimistraior(mx), exet/j<or(Trxj or legal representative for deceased or 
incapacitated inventor Number ofpa^es added w _ 

Signature for inventor who refuses to sign or cannot be reached by person authorised 

under 3? CFJR- § 1-47, Number of pa^e\ added 

* * * 

Added page for signature by one joint inventor on behalf of deceased inventor(s) where 

legal representative cannot be appo;nted in time. (37 C.FJR.. § 1.47) 

* i T 

Added pages to combined dcciara uon unci power of attorney for divisional, continuation, 
or oontinuavion-m-pari tC-U-; application. 

[ ] Number of pages added 



Authorization of practitioners) to accept and follow instructions from representative. 

Of no further pi.ges form ,/ j.an ofihis Declur&ti&n, 
thzn end thi± Dedarutton >vkn ihi.\ jwg* and cneck the following aetnj 

[x] This declaration ends with this page. 
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